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A B S T R A C T
The reduction of hippocampal volume was frequently reported in schizophrenia, but not in bipolar disorder. This vol-
ume reduction is associated with clinical features of schizophrenia, in particular with working and verbal memory im-
pairments. Schizoaffective disorder, as a specific disorder sharing clinical features of both schizophrenia and bipolar
disorder is rarely analyzed as a separate disorder in neurobiological studies. The aim of this study was to compare
hippocampal volumes in separate groups of patients with schizophrenia, schizoaffective and bipolar disorder. Hippocam-
pal volumes were estimated using high resolution magnetic resonance imaging in 60 subjects, 15 subjects in each patient
and one healthy volunteer (control) group. There were no significant differences in hippocampal volume between bipolar
disorder and control group. Hippocampal volume was statistically significantly reduced in the group of patients with
schizophrenia and schizoaffective disorder, compared to either bipolar disorder or control group, thus supporting the hy-
pothesis that hippocampal volume reduction could be considered as a possible neurobiological basis for clinical aspects
of schizophrenia and schizoaffective disorder associated with working and verbal memory impairment.
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Introduction
Schizophrenia, schizoaffective disorder and bipolar
disorder, even though classified under different diagnos-
tic classes based on the prominence of mood symptoms1,2,
share psychotic features as one of the most prominent
features of clinical presentation. Since different clinical
features can be viewed as possible dysfunctions in differ-
ent parts of neuronal network involved in complex aspects
of human behavior3,4, possible common neurobiological
basis for psychotic features and different neurobiological
basis for mood features of these disorders can be sug-
gested. Even though patients with schizoaffective disorder
display both psychotic symptoms and mood symptoms, in
studies of the neurobiological basis of psychiatric disor-
ders, schizoaffective disorder is often included as either
part of schizophrenia patient group or as part of bipolar
disorder patient group5–12. Assuming that there is a diffe-
rent neurobiological basis for psychotic and mood featu-
res, this approach could seriously impede research re-
sults, whereas on the other hand, research focusing on
the schizoaffective patient group can provide valuable re-
sults for the interpretation of the specificity of neuro-
biological findings for all three diagnostic categories13–15.
Overall hippocampal volume reduction, hippocampal
cell loss and white matter volume reduction have fre-
quently been described in neuropathological studies in
schizophrenia16–20. Modern in vivo imaging studies that
allow for the differentiation between hippocampus and
adjacent structures support these findings7,8,21–25. These
structural changes were more pronounced in schizophre-
nia patients with formal thought disturbances and defi-
cit symptoms and associated in particular with working
and verbal memory impairment25–28. Most studies have
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not reported hippocampal volume reduction in bipolar
disorder9,10,22,29, and to the best of our knowledge there
were no studies analyzing separately the group of pa-
tients with schizoaffective disorder.
The aim of this study was to compare hippocampal
volumes in separate groups of patients with schizophre-
nia, schizoaffective and bipolar disorders.
Subjects and Methods
The study included 60 subjects, 15 in each patient and
one healthy subjects group. Age, gender, age at onset,
and number of episodes were recorded for all subjects.
Psychiatric diagnoses were made by two independent
psychiatrists, and only the subjects fulfilling both Diag-
nostic and Statistic Manual of Mental Disorders, Fourth
Edition (DSM-IV)2 and International Classification of
Diseases, Tenth Revision (ICD-10)1 criteria were includ-
ed. Magnetic resonance imaging was performed in the
absence of acute episode symptoms. Control group con-
sisted of healthy volunteers. The following exclusion cri-
teria were applied on all study subjects: history of perina-
tal brain damage, comorbid mental or other disorder of
central nervous system, serious general health condition,
age bellow 18 or above 60, left-handedness or ambidexte-
rity. The study was approved by the local ethics commit-
tee and informed consent obtained from all participants.
Magnetic resonance images were acquired using a 2 T
Prestige Gyrex scanner (General Electrics/Elscint). A
1.1-mm-thick coronal series (3D gradient echo; repetition
time 25 ms; echo time 6 ms; field of view 180  220 mm,
matrix 200  256) was processed on O2 (Silicon Graph-
ics) workstation using OmniPro (Elscint/General Elec-
trics) software. Regions of interest were delineated man-
ually by a single rater blind to the study group, based on
well-known neuroanatomical and neuroradiological cri-
teria30. The dorsal boundary is alveus, ventral boundary
hippocampal fissure and temporal lobe white matter, and
the lateral boundary the temporal horn of the lateral ven-
tricle. The medial boundary was defined in rostro-caudal
direction by the medial edge of the Gyrus ambiens, the
uncal fissure, and the hippocampal fissure. Thus delin-
eated, the structure includes Cornu ammonis and Gyrus
dentatus. The first rostral slice was the one at the tip of
the temporal horn of the lateral ventricle, and the last
caudal slice analyzed was the one where both pairs of
mesencephalic colliculi were still visible. Descriptive sta-
tistics was used to analyze demographic, clinical and vol-
umetric data. A one-way analysis of variance was used to
test for group differences in hippocampal volumes. All
analyses were interpreted at 5% level of significance.
Results
Demographic and clinical features of study subjects
are shown in Table 1. There is no statistically significant
difference in gender and duration of disorder among study
groups. The difference in age of onset is statistically sig-
nificant among all patient groups. Patients with bipolar
disorder are significantly older than healthy control (p<
0.001), schizophrenia (p<0.00001), and schizoaffective
group (p=0.02). Patients with schizoaffective disorder
are significantly older than patients with schizophrenia
(p=0.02).
Hippocampal volume in both hemispheres is statisti-
cally significantly reduced in schizophrenia and schizoaf-
fective disorder compared to healthy control group. There
is no statistically significant difference in hippocampal
volume between bipolar disorder and healthy control
group. In the right hippocampus, the volume reduction is
statistically significant even when comparing the schizo-
phrenia and bipolar patient group. Volume differences
per study groups are presented in Table 2.
Comparison of left and right hippocampal volumes
shows that left hippocampal volumes are smaller, but in
this subject sample the difference is statistically signifi-
cant only in the group of patients with bipolar disorders
(Table 3).
Discussion
All patients included in the study were chronic pa-
tients, and there was no significant difference in the du-
ration of disorders between the groups. The differences
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TABLE 1
DEMOGRAPHIC AND CLINICAL FEATURES OF STUDY SUBJECTS
Healthy control
N=15
Schizophrenia
N=15
Schizoaffective disorder
N=15
Bipolar disorder
N=15
Age (years) X=38 (SD=11.9) X=34 (SD=6.13) X=44 (SD=8.85) X=54 (SD=4.8)
Gender
9 6 10 5 8 7 10 5
F M
Age at onset (years) NA X=26 (SD=4.10) X=32 (SD=5.04) X=45 (SD=6.4)
Duration of disorder (years) NA X=8 (SD=5.25) X=12 (SD=6.11) X=9 (SD=4.9)
Number of episodes NA 4 7 5
MAN DEP NA NA NA NA 4 3 3 2
F – female, M – male, NA – not applicable, MAN – manic, DEP – depressive
in age of onset are characteristic of the particular dis-
order31, and therefore the difference in age among all pa-
tient groups is statistically significant. Due to the small
number of patients in the study sample, the results are to
be taken cautiously, but since the number of subjects in-
volved in other similar studies is often small as well,
most of the conclusions in recent literature are based on
meta-analyses of previously published results7–9,23,24,29.
In this context, studies comparing these disorders in the
same sample are of particular importance5,13–15.
The reduction of hippocampal volume in schizophre-
nia was confirmed in this study, whereas there was no
significant reduction in the bipolar disorder. These re-
sults are in consistence with most of the previous studies,
as already presented in the introduction7–10,16–25,29. Hippo-
campal volume was statistically significantly reduced in
the group of patients with schizoaffective disorder, thus
supporting the hypothesis that hippocampal volume re-
duction could be considered as a possible neurobiological
basis for clinical aspects of schizophrenia and schizoaf-
fective disorder associated with working and verbal me-
mory impairment25–28. Whether this volume reduction
could be attributed to cell loss, white matter reduction or
some other underlying mechanism, remains to be eluci-
dated16–20.
Volume reduction affected both left and right hippo-
campi, and it was not expected that only left hippocampal
volume would be statistically significantly reduced in
schizophrenia, or consequently in schizoaffective patient
group, since according to the literature review, such find-
ings could be expected in first-episode patient groups7–9,
22–24. There was no reversal of cerebral asymmetry, as left
hippocampal volumes were generally smaller than right
within a patient group, which is consistent with litera-
ture data7,9. The size of the sample was too small to test
for gender differences, but the influence of gender was
not expected in the chronic patient groups7–9,22–24.
These results support the conclusion that hippocam-
pal volume reduction could be considered as possible
neurobiological basis for clinical impairments shared by
schizophrenia and schizoaffective disorders, in particular
verbal and working memory impairments.
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TABLE 2
HIPPOCAMPAL VOLUME DIFFERENCES PER STUDY GROUPS (P VALUES)
HL
HC SCH SCHAFF BIP
HC NA 0.001083 0.000464 0.123484
SCH 0.001083 NA 0.994769 0.343651
SCHAFF 0.000464 0.994769 NA 0.227089
BIP 0.123484 0.343651 0.227089 NA
HR
HC NA 0.004664 0.012312 0.881365
SCH 0.004664 NA 0.988565 0.038975
SCHAFF 0.012312 0.988565 NA 0.085345
BIP 0.881365 0.038975 0.085345 NA
HL – left hippocampus, HR – right hippocampus, HC – healthy control, SCH – schizophrenia, SCHAFF – schizoaffective disorder, BIP
– bipolar disorder, NA – not applicable
TABLE 3
VOLUME DIFFERENCES BETWEEN LEFT AND RIGHT HIPPOCAMPUS (P VALUES)
Healthy control Schizophrenia Schizoaffective disorder Bipolar disorder
0.580950 0.116369 0.222198 0.001005 (L  R)
L – left, R – right
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USPOREDBA VOLUMENA HIPOKAMPUSA U SHIZOFRENIJI, SHIZOAFEKTIVNOM I
BIPOLARNOM POREME]AJU
S A @ E T A K
Smanjenje volumena hipokampusa ~est je nalaz u shizofreniji, ali ne i u bipolarnom poreme}aju. Ovo smanjenje vo-
lumena povezano je s klini~kim obilje`jima shizofrenije, posebice o{te}enjima radnog i verbalnog pam}enja. Shizoafek-
tivni poreme}aj, specifi~ni poreme}aj u kojem se ispoljavaju klini~ka obilje`ja i shizofrenije i bipolarnog poreme}aja,
rijetko se analizira kao zasebni poreme}aj u neurobiolo{kim istra`ivanjima uop}e. Cilj ovog istra`ivanja bio je usporediti
volumen hipokampusa u zasebnim skupinama pacijenata sa shizofrenijom, shizoafektivnim i bipolarnim poreme}ajem.
Za mjerenje volumena hipokampusa rabljena je metoda oslikavanja mozga magnetskom rezonancijom visoke rezolucije
na 60 ispitanika, po 15 u svakoj skupini oboljelih kao i u skupini du{evno zdravih dobrovoljaca (kontrolna skupina). Ne-
ma statisti~ki zna~ajnih razlika u volumenu hipokampusa izme|u pacijenata s bipolarnim poreme}ajem i kontrolne
skupine. Volumen hipokampusa statisti~ki je zna~ajno smanjen u skupinama pacijenata sa shizofrenijom odnosno sa
shizoafektivnim poreme}ajem, o odnosu na skupinu s bipolarnim poreme}ajem kao i na kontrolnu skupinu. Ovaj rezul-
tat podr`ava pretpostavku da smanjenje volumena hipokampusa mo`e predstavljati neurobiolo{ku podlogu klini~kih
obilje`ja shizofrenije i shizoafektivnog poreme}aja povezanih s o{te}enjima radnog i verbalnog pam}enja.
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